“Calhoun 


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1947-08 


The design for a high speed directional interchange. 


Turner, Charles Wedgewood. 


Rensselaer Polytechnic Institute 
http://ndl.handle.net/10945/6360 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 


f (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist : Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


NY KNOX appointed — and published -- scholarly author. 

| | LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 


THE DESIGN FOR A HIGH SPEED 
STL SS00 8 Oh Mn ee (eFC) | 
CHARLES W. TURNER | 



































(c) "The Desien for a High Speed Directional Interchange" 

Te by Lt. C. W. Tarner, CEC, USN. Various methods for 
~ designing of directional interchanges for highways 

of fends a4 Peck and the analysis of the controlling features of the 
several methods are included in the thesis. The 
"sniral-roll interchange transitioned right and left" 
is also described in "A Policy on Grade Senarations 
for Intersecting Highways" published in 1944 by the 
American Association of State Highway Officials. 
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The happiness of the American people and the welfare of the 
Wetion as a whole are based largly upon the development of our 
national resources und the proper utilization of the products of 
Americen ingemity. 

Mistory has shown that bumen progress is based largiy upon 
the development of more efficient teols anl the employment of 
these tools in such 2a manner 2s to previde mari: benefit to 
manicind, The sutozobile is perhups one of the greatest tools 
ever developed in ell history und its inflivence hee been so great 
that it has changed completely the economic end social life af 
the civilised world. Hore tine mst pass before its full impact 
upen the economic and social life of the world can be fully 

History fells to reveal ay nation achieving greatness thet 
did not sttempt to isprove its rocds to fucilitete the novemcnt 
of persons and goods from om place to another. 

lighways have rightly been called “the sinews of civilisation". 

Today tro out of every three families in the United Ba os 
own automebiles. FEillions of hours of humen happiness are 
provided aymally to the millions of automobile-aming fanilics 
in fmerica. Trudy, nighwey transportstio hus oecome a great 
Gemocretic force and has breadensd life immensely. 

Not only has persontzliaed trengpertebtion, brougit shout meiahy 
by the advances made with the eutomobile, caused a secial and 
econeuie revolution which has chenged cur standerds of living 
but ow means and methods of living es well. In fset, it has 
becese an essential part of living! 


hetually a new way of Life hes come into being. Acqueintance- 


ships and friendships are no longer confined to the individual's 
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are now within the reach of almest everyone. America has now 
became accessible to Americans. lew highwey ‘ 
available to the messes, where before they were a 
priviledge enjoyed only by the wealthy end those few residing 
in their imesediate vicinity. This espect of persunclized 
trensportation has ironed out distinctions in class and hes 

The higiweys have always been the arteries of trade cf a 
nebion and because of the grezt improvements in transportation 
methods brought abveut by the advent ef the eutemobile, the 
highways now hve an even clever reletionsiip to the econoric 
welfsre of the people than ever before. 

the movement of automobiles is often ef a business nature. 
Hom ani women go to and from work in their cars. Countless scleswen, 
rural letter carriers anc others engare in earning a Livelihood 











use passenger cers to get abdcut. 

EVery other meang of trensportation is absolutely dependemt 
upon road transpertetion for the begining and completion of the 
journey. Modern highway transportetion has brousht the farmer 
mearer to his markets and hes greetiy increased his trading redius. 

izproved highways and moter vehicles have been of inestimable 
value to ell commrities; but this is particularly true in the 
expe of those cities and towns that depend entirely upon hi¢hway 
transportation for their combact, cesmunicstion and intercourse 
with the outside world. There are many such communities thet 
have no railrosd service and are ermbirely dependent on motor 
transportation and without this facility they coulda not exist. 
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One economic item thet must not be ovwerlecked is the increase 
in lend values, both urben emi rurel, and the resulting increase in 
the texing base, brought about by improved highways. Uncounted 
residential villages. The broad lawns, clem air and bright 
sunshine of these suburban homes have attracted more and more city 
Gwellers who now comarte to anc from their daily work by motor 
vehicle. 

De~coutralization of industry may be an evolutionary change 
thet brings about certain local and temorary cisadvantages. 
lgwever, such chemees are of real service omi lasting iuportance 
to the cowtlry as a whole. Great congestions of pomilation and 
industry are conducive to degrading social comiitions, a Lowering 
stendard of health, hisher trenscertction costs and reduced 
efficiency in distributian. 

The military defense of a nation is one of the national 


goverment: first and foremost duties and all great militery Migures 





of histor; have recognized the necessity of adequate roads for our 
nebionsl cefense network. How, as never befere in history, Higiereys 
take a new and more iaportant meazing in the military scheme of things. 
In years past, the extensive development of highways heve been oprosed 
by som on the basis of providing rood inmresds inte the heart of the 
country fer en invading enewy. This danger, though 14 was used to full 
atwantege by the Allies in the defext of the Axis in the past war, ne 
lenger is of ary recl consequence. With the introduction of the ctamic 
bomb imto werfare, it has become s militesy mecocssity to use the 
hichways as a means of moving larrce mzabors of people in relotive short 
intervals of time from the congested ereas to prevent their amibiletion 
in mss. So long as the grect-power reletiona show symptoms of 

chronic instebility, reduction to the vulnerebility of attack in any 


mermmer wheteve commermis our imedicte attention, however reluctait. 
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militexy alike, on the notion sa a whele is umsually important to 

The providing of an adequate highray network is « proper 
function of governnent aml in keeping with this function, the 
lete Frenklin D. Roosevelt on 1; April 19l1 appointed 2 committee, 
to be mown as the Nationcl Interregional Iighway Comittee, "to 
investigate the need for a limited system of national highvars te 
improve the facilities now available for interregional transportation, 
anc to advise the Federal Works Administrator as to the desirable 
character of such improvement, and the possibility of whilicing 
some of the manpower ami industrial capacity expected to be 
available at the end of the war." 

iy doing things better and more efficiently, living 
are sivanced ant the higher the standards of Living of a nation 
advance, Lhe greeter the need of highways. Adequate hishveys free 
a nation from econcmic stagnation, enrich its social life ami thus 
elevate its stamiards of Living. 

It is to this. end thet read designers must leok. They must 
be guided by the past, of course. They must use the present as a 
point ef departure for predicting the fubwe inevations ani 
developments necessary in lichwar desien to resoin abresst of the 
rapid strides meade by the automotive industry. At the sase time, 





he must not be efraiti te accent a new idea or inevation eren though 
it wry wean disceawling an old idea thet is ususble but which hes 

a very cefinite limitetion or is basically bad, Om the highway 
enginecr's shoulders rests the sufeby amd comfort of millions of 
Ameyicens. Te think and act contrary to this, is to waste, for 

a time, the technological progress mace in the trensportation 


medium involved. 
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it hes been ahedtted by some, without to mech loss of fare, 
thet highway developments hove not kept pace with the 
ativances made in the automotive Meld. ‘The fault, however, does 
mot Lie in the professionel] cbility ef the highway engineers but 
rether in the very definite limitations imposed upon him by 
economic, finencicl ami politicel interests. 

To see the interregionsl highway uystem es prepesed by the 
Highwey Comittee is cne thing. Te try te 
realize and vieuslize its affect on american Life is still smother. 
in peace, @ blocdstreaa over which Prosperity will trevel. In war, 
an esceparay over which Mankind will travel to maintain a way of 
life. 

‘nevever taro of these main arteries cross, whether urban or 
rural, there exists the wisolved problem of "directional interchenge® 
which if solved precticaily, world previde rapid md comtimous flow 
of traffic in times of peace and wer. 

it is with the enalysis and solution of this problem of 
‘irectionel interchance* that the autner sh<ll concern himeelf in 
the pages that foliow, 














The ery, new and alvays, seems to be "Spced ond more speed. 

"Coast to Coast..-ab a SAFE 7O" ig not just another pipe dream. 
it is within this sphere thct the "directionsi interchange" belongs, 
for without ite solution Mercury agein returns te his spatial 
position in the mimi of Nan, 











this teesis ig the result of thougét, precipitated by mm 
“east to Conut——at « safe 70" by ligron Steorne. 
ag Gao of the meagy unoelved problems of the youl desigmer. If gzve 
illustrations ef tue soluticn hy using a tecffle circle—“eeler than 
the step signs is imeificient, costly, wastes space", ani the 
Also show was a “new eolurbion”™ which would be very ecetiy to 
construct due to an exeessively loug retaining wall on wack eiue of 
tho two upper lewsl twough traffic lanes ani is even more westefl of 
spoco, lcwover, it would handle a grester voluse of truffis xt « 
higher spee’ previding ite eck of syametry om left turns coos not 

The purpose of this thesis is to meke »o sbucy of the Cisectional 
2 Age problem aii try to devise some practiesl design for « 
Giwectioncl interchange thet will overcew the gain cisadven 
ef the cloveries?s ncwely, inetficlent use of space, excessive 
Qlstance of travel on tie leit tern and camfusion te the driver 
erielled by having to turn sight to co left. 

it is elso the suther's purpose to restrict himself te tre 
lewels of traffic Tlew, provide for an overall speed of fifty wiles 
per hoor stinioe through the mye, ollie ne grade to be 
greater then five percomt, eroid the uae of broker: back curves, 
aml try to aveid the use of reverse curves where poaciile but 
wheres abaclately umcveideble insert spirsis eacl side of the 


peims of reverse] curvature to make the trumiesition as easy as 











pessiile on the river. 
Te divectional interchange designs ghucied by te suther in 


the course of preparation of this tlegis were coneloored te be 
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iague of SCIDHOL TLLUGTATM, the first thing te oxtch his eye 
were two of ihe letters to tw Editer combeining taro of the 
cesiene studied, one of which wes exactly the some es tire one 
to be designed here. The deusiqon wae sulacitted by I. Sten Feld 
for hich speeds en? less then five percent crades on the right 
wi left tures. The design proposed ty le. George 3. Clustt af 
little Compton, Rhode Island would require a prest cecal af space, 
it comboina one very serious Limitstion that would mike the 
imterchinge ineffective at high speeds; nowly, left-traffic 
mast oress wien coming on or turning off the throughetrc 
Las. 

However, there is om: fepertast thing thet the author fcels 
cer, be dram from such « eidilarity of theughb. The proclem of 

mal interchonpe, shen restricted te a “ofinite mutber of 

traffic Tlew levels, be it Gros thrwe or four, ie so controlled 
by ite Limitetiome thet there ere anty « fer favoreble solutions 
possible an) after a period devoted te the sbely of the Linitetions 

iu anebher cemee, this coineicent, diseonseriing ef it was te 
the gether at firet, doce show thet Poople are interested in other 
people's problems even theugh they maar be cuiside their own chosen 
fiekd or profession, witich im iteelf is a very bealthy mental 
attitude. 
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it, Leslie filliams states in his article, "whet can be sone 
about Traffie",..."The possibility of completely integrating express 
highway facilities within the overall ple of the American City is 
only now taking form. Those cities thet heve as their objective the 
Gevelopment of reasonable freedom ef traffic wovement, the removal 7 
from the street system of treffic detrimental to commmity life and 
the orderly Gevelopment of new facilities depemient on mocern 
uethocs of transportation, will feature the modern parkway ami 
expresavay in their construction prograns.® 

Tas Lncerperation of these systems into the overall plm by 
the H.I.N.0. will mean the emplogecnt of « lerge number of 
interchanges throughout the United States ami a practice! solution 
is mecessary now in order to cvoid ifereascu engineering expense 
te the project «s a whole and previdce the American people withe 
standamd interchange thet will be compatible with their way of life 
anc the same, whether lecsted in California or New York Stete, se 
thst once they learn its purpose and interworkincgs they will find 
their route by following lorge, clear, comcise sicus, epprouch the 
interchange at high speeds with confidence, end be conselous thet 
they ave a pert of the resulting smoeth flew of traffic rather than 
a confused part cf whit was cnce a maelstrom. 

To accomplish this certain cenmsiderations ere necessary since 
it hes been estim-ted thst some 0,00U,000 vehicles will be on the 
highways by 1960. 

These considerations can ce based on the following basic 
princizles: SAFETY, for protection te omeself anc property end to 
others; CONTINUOUS FLUG, for comfort anc cormveniences SPEEU, for 
time saving and quick arrivel end ECONG:Y, for a saving in expense 
to the vehicle operator as well cs to the govermment buildin end 
meint-inine the right-of-«ay. 
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idegate Likerthoncc provides expe ta handling lorge veckeday 
or returiiog to metropoliten centers an. in a frantionof the Sorat 
@f the interchange la the -evelopuent Gi aster tronmeport. 

Various fostures are intarverited to pucruntee this eafety since 
eare in the sesigning of Mighsuys. 

The elimination of 211 geade cronaines is necessary in order to 
interfereme, of well ce redweing inberna) interferance. Tho 
wtilizatzon of « ion wzxi ovcelerstion lunes is necessexy in 

Adecuste Signe would be previded ond efficient ase of thon 
Ghevwls ww mee in high apeed highes:s deacigu 14 wild bese necesenry 
@ piece cirectden on the Ligheay weering surfer or on laspe sicne 
over tke resi, ob the opprocehee to on interclonge. Signe should be 
pleted eall bask ef 2 turn eff Jame in omtier Und ezrs con cheney te 





Vie correct teutilc lem. Since it is Uavoesilue to reac aore thin 
Wwe (cone of the eas sich wim possame «6b high spend It Gs uselices 
to mit sore. The .aprclepernent af “parkercy ligntes”® is 2 meecsity 
Simee 14 is damicing to 4 Geiwers’ eres G be fetine the Grignt fighte 
ef the expomectraffic struen for leno periods ef time anc uske it 
esl te make out the rest ated os well. Lights thot ere tligned on 
the censer lige or tee uae ef bedpes cians the nection atrip woen tre 
hégheegs ore close tscetuer would elisinwse this haswen tad miseuce. 
These ic peners] eereoqent thet second safety regukstiow sarould 
be tegroreds bot theese dopropecents cust avel. two Liinrs. Ge, tocy 


mast mot tem: to lieit speed sor slor cows tri ffie Slew in cny mame 








tse aftemacth “back-up” consestion will be avoided. 

Sorecding the one-way roade necr « erade separation structure te 
the extent thet the highway designer finds that he is ne lenger 
agaling with the center lines of 2 divided highway tut instesd 
is using separate alignment and profiles for one » 7 reads. 

From his experience in the design of the Pentbacen oad 
System ani other networks of the express type of higiws 
conclusion the the entire concent of ‘divided highvays' or 
‘double-barreled highwsys! or "highways with pariway meclanst 
or whatever they may be cabled, should be discarded in metrosolitam 
areas in fever of a ayrsten of one wey roads.” 

This would free the designer and encoursve hin to think 
in terns of smoothSlowing, streamline, cirect troeffie novemcnts. 

SPHQD 

Speed has lon; been « feetor of priue importance in the life 
of mut. Sinee the advent of the mathine ece, he hes grectiy increased 
his tempe of life. With increasec speccd, comes increacec hazcrd. 
For now, 70 miles per hour seems to be the macimm to be considered 





as far ao hishweys ere concerned. 
SCORQLY 

low witmal cest is a majer consideration in the choice of 
ecmerate pavement as ea wearin surfece. 

Bach progressive design, thous: 1% may mean accitions=1 first 
cost, 1% aleo mesns added safety to lives anc property and in that 
Way porticlly justify the additional expense involyed. Too, an 
interchange is a smeall, pert of » larce over all design whose propcr 
funetioning depends to a large extent uyon the adequacy of the 
interchange. A chein is only as strong as ite weekest Jink. To 
draws a parallel, it would seem thet additions] expense would be 
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since this is contrary to the renerel tremi—speed. Two, sub-systems 
of rosds ineice the interchanre shovic not be provided for people who 
make tilstekes in the interchance, since once confused person insive the 
interchange represents a howerd to all others pasaing through the 
imterch:are at thet time. Keononlesliy, the added emense for such 
2% sub-system is not werrented and « person who does not know where 
he is going or how to set there should not be on the higieray making 
high speed for he is nothing short of an “accident, lookiuc for some 
plave to happen®. It would be tetter to provide *pull<over scones” 
oubsivc the Linits of the imterchenge where unfemilicr dcrivere covid 
mui over snd study signs ami Grections te their destin-tion ani 
then contimme on their way. 

For safoty, simplicity should be the kernote of cesi¢n. In 
testing a rox network for simplicity, it is uterise to view it as 
a whele, which cannot actucliy be dene except from the cir. ‘The 
driver sees only the rord thet lics ahead, the various points of 
entrance aryl exit, ani the direction sirens. Ti the route from the 
orisin to his destinstion is easy to travel, direct in character and 
free of sections thot migit confuse the criver, it is simple in 
Gesign regiailess cf how 1b mey avpear on peper. 

CORTINUGUS FLUF 

the express higisray hes became an economic mcessity where 
heavy concentrotions ef moter vehicles must be handled. tasted 
hours, millions of them, result fron econrcstion on highways thet 
do not heve the copecits for stesdy flow of lerre velumes of traffic. 

The interest now is not so much in kirher speeds on the higherurs, 
thet is gpeeds shove 0 miles an hour, but rether in contimious Flow 
of treffiece, since traffic congestion reterds busimess anc civie srowth. 

Roatiway intersections must be congidered in terms of their 
capability and capacity to eecmmodate the yesk leads to whien they 


are or will be subjected to. Lf designed for peak lend the 
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warrented just te "strengthen the Link”. 
ADVANTAGES CLAIMED FOR THE "SPIR&L-ROLL* 
TYPE GF DIRECTIONAL INTERCHANGE 
For large volumes of traffie changing its course et an 

intersection at high speeds, the usual types of interchenge 
structures, cuch as the cloverlesf and the widely spreai intersection, 
would not be appropriste and decidely inefficient. A cloverlerf at 
best not the solution, since the high cost of right-of—wey milltctes 
against the use of either the cloverleaf or the other whioespreed 
types. 

The “spircl<roll® design gives minimss lencth of trevel for 
interchanging traffic, adecuate caracity for lerre mmbers of 
vehicles during peak periais, and Simpibetieg in design, providing 
adturel paths of trevel. 

The feature open to the most criticion will be the use of 
eight bridges ami the justification of their expense. Without 
further study, no justifies:tion can be given excert thet, ifsone 
of the interchanges proposed sre considermd economicsl ond ere to 
be built, then this desien is just as economical on! Just as 
practicsi. 
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Cloverleaf Mie. 2 Basket-weav 
witn left cutie circle 


Basket=weave a Rasketeweave 
with transitioned left with trensitioned left 
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Pig. 5 S iral-roll Fig. 6 Spircl-roll 
E iin ee right and left transitioned right cnd left 
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The main faults of the cloverlesf have alresdy been discussed 
and the only vesson for repeating them here is for the purpose of 
comparison with the designs studied, The main disudventages at 
high speeds are the confusion caused the driver by having to go 
right to turn left, the excessive crea reqired, wasteful utilisation 
of this space and excessive distance of travel on the left turn. Its 
one advantage over all other designs is the fact that one bridge is 
ali that is necessary to seperate the traffic lanes. 

BASKST-WEAVE 
With LeZi Turning Cirele 

This design requires four bridges to make the traffic separ: tions. 
it. demands excessive area also; but the reasun for discarding this type 
of selution was the fact thet left-treffic might try to cross the 
through—treffic lenes to correct e mistake made in Cirection. ‘The 
main reason for developine this type was to Limit the mumber of bridces 
to four. 


BASKET<WRAVS 
With Transitdoned Left 


Limiting the deeien to four bridges and using trensition on both 
ends of the left turns increased the area more thom wes Gesired. 
Designs with eircht axi trvelve bridges were studied and the best solution 
obtainable by this method is using four bridees for the through-treffic 
and four skewed tunnels for the transitioned far enc of the left turn, 
teking the left turn neer trensition off after passine under the last 
through—tr {fic bridge. The use of eight bridges eri the excessive 
area requirements were the reasons for discarding this type of design. 

No grade limitations were found in amy of the designs above 50 mph3 
but when speeds belay So mph were studied, gredes went sbeve the 5 percent 


limitetion imposec on all designs. 











DOUIGLE B&SkBT-WEAVE 
Gith Transitioned Left 


This design is similer to the designs shown in Figs. 1 and 2, 
differing only in thot the left turns are muje in the area inside 
the throughtraffice lames. Eight bridces of the sane cegree of 
skew would be required to do this. The most sericus Limitation 
on this type of desi,n, outsice the excessive aea required, is 
the steeper grades necessarye Ali graties on the left turn are 
down grades and the distance between the immer network bridges 
rules the entire size and shape of the design. 

It was again necessary to discard «a design due to definite 
and wilesira.le limitetions. At this point, though, one fact was 
appareintt—-no satisfactory system could be designed with less than 
@ieht bridges ss long as the design was limited to tro levels of 
treffie and as long as left turns hnd to turn left. 


SPIRAL-~ROLL 
Cirevler Right anc left 


An entirely Gifferent approach to the problem led te the 
development of the degicn showm in Meure 5. It required less area 
for any design speed then any other desien stucied and wes done 
with only; five bridges. However, fous of these bridges hed a high 
degree of skew and not until the "single—cclimm" type of bricage 
entered the study did it eeem practical at «11. The reason for 
discarding this design wap lzck of transition on the right anc 
left tarms. One adventare though that might be mentioned here is 
thet both the rivht and left turns cam be meade on = horizontal proce 
arid be brought as close together as cesired, provided thet the 
shifting for through treffie, done by the skew bridge at the epprocch, 
is done far encugh back in the right-of-way so as not to lLinit the 


grades to values above S percent. 
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SPIRAL-ROLL 
Trangitioned right unt left 


This is the design finclly ueed si is the outerevti of Laeas 
gained in the study of ell the other types. Essenticlly it is the 
‘Bane as thet shown in Firure $3 vut trensition wes es loved en both 
ence of the right end inft terms. This geve symmetry in desien unc 
Simplicity in trensit. Cy aR bathe tg TOPae tere, since 
de> Lnhemakemye Will be Ciecumsed more fully in the pares thet follow. 

Derending upon the degree of the intersection where the throeuch= 
treffic pauses over the opresedtreffic, «a lot can be deme. This is 
the one tiine thet controls the entire desicn. For purposes of this 
work 3° was wed 2s » desir value and it seemed to have vorked well. 
if you ere willing to eecept decrees below thirtythe sree cin be out 
down ant. the two throeuch-treffic lanes can be brought close snouch 
toxether to make the eliminestion of the four bridges in the canter 
vessible and their replecement with one bridre eapsbbe of bomtiing 
four lsenes ef traffic. 








TYPE OF LiTReReCTION 

éxprees bighweys hove been browiy defined as thoroughfares 
elisinsbing ali or 6 lrge part of cegestion caused uy croes 
feedlities in veryiog degree for permitting large mobers of 

The isteresction is sseweci to be betueen two two-lane 
Givided express highvers, intersecting «t 90° ar nearly se. 
The prepescd design is of euch form thet ogy euceseive voluse 
ef Slew in ex ome direction as shown ty tho treffie anver of 
the particuler site under consideration ean be allowed fer by merely 
adding maitdencl treffie lames in thet direction without h-oving 
to . Gee the besic design or rectedy the preblem. 

the right bend turps cre designed for c speed of Pilty miles 
per hour a: « level grice, esing tremsition <t beth emis. fo make 
the right turm the driver simply staye im the right lene on the 
app@eech te the interclencs an: fellevs on te the richt as sirens 
wilk indicste. 

To male the left hand terms, the driver stars in the left 
Lene on the appro: te the interchanme, pesses over tho oc: poscd- 
treific lomes wits the through-treffie ani merely beore leit os 
indiested ly signs dlong the side af the reed or on the road 
garmece iteelhi. The lett hwo ines ere desipned fer the ome 
avced es the richt bend terns bet 2 down prade of ¢ percent is 
usec. 

The thronghteeffice of the two highways is accommodcted ct 
different clewations to eveid interference. it is xesueed that 
speuts on the kichwa; casing to the interchenge will be in the 


mood ef seventy miles per hour, the curves which ror: 





te epereaeh to the interchance are dnuipo. for sc suoe! of sixty 
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imterchanse ad to svold sn seyept slew dam for those wiahin: to fo 
te the richt or left, which if cliewed, would in turn couse the throurh 
truffie te dlow dem. 

wide, sepsruted in peirs by a eontrel dividing strip when casging 

Toe aprucehes te te intercesnge cre considaraxl to be within 
the Limits of the right-ofamy shonleris recomanuued by ippendig 
Stracturcl Design ef Interregianel Lishwuys*. 
it i¢ essaeed thct the os will pase frou the Lorougietreffic 
lanes ic sincle flie, st the rete amd spacing wpon which the theoretical 
capecity is based, 

Tae werk imvelwed in thie thesis inciucest an emiysis of soveral 
ether designe siecial before selecting a Tins] degira to cmeplete, tie 
eunplete ancien of th: herisental ex! vertie.2 «licnaont. 

Spee! perhors ie one of the moet boserkant fectors to be 
compidered siace 231 euenemic amireis iuvolwes apeed one woy or another. 
Gither wp oes due tc confesbion, heck of ubility to mlx time, or the 
gzin froa sevine tie. 

Mere important, in axcther semen ia aideay for «itheus complicte 
eotety at Gesiie: speci tke inberescawre would be ef no use whiter Tr. 
Using & speed ef SL ailes per hour as « miiems ucsign srcet Uhroughout 
the interchezme gove long sweepinc curves thet hove trensition et euch 
and te give eupy chonpe of direction te the driver without Glocaafort. 


AlLthau? theese curves climineted He osdibility of 2 campect design 





eres between thes could probably ve stilised to peed adventae by 
{ius justify part of the imitial construction costes us well as 
provice a tax base more tun eneuck to edequately anintidn it. 
voed here to give opasgiry im vertioe’ sligmemt lest. the ores 
required ts keer slones within the sllewed 5 percent would heve 

Gontinueus flor ef troffie wos considered te be an eagsenticl 
te the design Set the curves were to sch o6 a means OF slecing 
a. Griver dows to « “sate SO" when entering the interclanpe. 


The design ee show is not for «rqr rorti@aler lee Jicny tiseurh 
4% coull evsily enoush be aiepted te 2 location. Varticsi alignment 
wos cemyuted on the belo af a sero dutwe plu, 

Pox fedely level. growss the cube eouis be uece to belenwe the 
fiils ent fer other loestions the vertical <lirment couwlé be 
moaified go es te take awietsere of amr Poveruble tovegronmic Lestmese 


séecuate draimere can be scoomplighe oy prep): or dine ef the 
slopes. Supervlevetion om curves, parabolic crawm on tho noin rowdeey 
art the vertices] gewdes will suryiig adequeie Greimrpe for the romun, 
Im times of exoestivelp howery store or heuvy storms of chor. Gav im 


Gt will be mecesemey tc Geeion th shores of the wrewst imcive ite 
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through-traffic lanes for ponding. 

depends woon it. dn tiie tyge of deviga te drainage ic of porticuler 
importance, otherwlee the Interchence micht be completely flooded out 
by the use ef pipe to the outside drainve ‘dtches elon-side the 


PAVESNT DESIG 


Ho wesving gurfece was Gesipned sinco it would be based onby 
on assumad velues ond would serve no oractical purpose in this work. 
Tne uss of portland cement cor 
interchange is recomended, 





C3 


4 slab pewement throughout the 





Time did not permit the comliction of 6 model of the intercnenre 
as designed. The interchange ic simple in desircn and not hard to see 
in volume after a bit of study; but 2 model would meke such < Gegign 
eteler to widerstand am show the general appenrance, solutions of 
Geteils, size and propertioning of parts, necced treataent be secure 
wopropriute serrounding topegrariy and the overall plen and tyme of 
beautification and landseaping. Also s model woulG serve to cive an 
estimator ami comtracter better ideas of whet is expected of them ens 


affect their bidding accordingly. 
BRIDGE DESIGIS 


Bight brideces are required im all. The four threugh—traffic 
bridges mrould be of tue vigic-froms, reinfcorcec-conmerete tyve on 
account «f thelr ecomomy and aduptabilite to verious architectural 
trestuonts. 





The four skes bridges were at first considc-ed to be the liniting 
fagtor in the adoption of thie type of design. After reading Mr. Finke's 
tele eutatliec "Single~Colwa Viaduct Eliminates heed for Skew Span", 
for this purpose. Esseubialiy it would be a roacway suprorted by only 
tro colmams with cantilevered enida. This would eliminete the use of 
By using percent slopes on rosdvays st the appresches, enough 
elevation wes gained to provide six feet vertical distance for the 
bridge structure floor ci roadbed, riving a LU: foot mivimum overhead 

clearance. ierizontal clearence to strectures are recommended as 
follows: 3 feet to redlings, 6 feet to ts, plers end the Like 
with few exceptions. 








ESTIMATE OF CosT 

It is difficult to mike amr cost estimete for this type ef design 
Gee to the varictbion in the cost of mutericis an’ lebor. However, it 
is felt thet the overall cost would not be se prest as the four level 
desicn mede by Grumen orl Panchorst for wee in Califernia. They plan 
to spend $1,700,600 for the structure alone the design still hus the main 
dieadvantace of interchenr-es to dite3 nomely, hevine to fo right to muke 
& eft turn. There will ve a saving in richt—-oef-way cost by the use 
of this type of interchunge anti future sevings in operatin: costs by 
the structures invelved ss compared to ssy other type are Larpe enough 
“eo retire ayy imedicte excess construction costs within « relcilively 


shert tine. 

















rune 4 


° se0 6 =e & «+ 











———— 


4@Gae Ge © ome «¢ eee © 


s@ @ee . . 
Si... . ee 


ee 





a - = —— & 


— lc 

















The horisentel curwes for the interchange sre all designed for 


4pproach curve 69 mph 
’ Richt Tarn curve 50 mph 
Straighteway curve 70 mph 
left Tarn curve SO woh 
Reit curve 60 mph 


The required racil for different speeds with considorctions 
fer superclevation were based on tho forvarla: 





where, S = the superelevoticn in feet per foot of width. 
Y # the speed of vehicle in miles per how’. 
R = the radius of the curve in fect. 
¥ # the side friction faster 
Using 4 maximm superclevation dlope of 0.10 and 2 mmrcinun 
wale factor for frictions] resistance of 6.16, the minions aeafe 
radivs of curvature can be commited from the formula: 
R = 0.256¥° 
For speeds of 50 and 60 miles ver how, curves with racdli less 
than 6); aid 928 feet, respectively, should not be used. These 
cerrespoml to curves of &.9° and 6.29, respectively. For a speed 
ef 7O miles per hour, 4 lower friction factor of 0,1: end a 
maximum gauperclevation slope of 0.10 result in a minim safe 
vedius of 1370 feet, radius corresponding to a curvature of |.2°, 
it hae been common practice te superelevate pavements on curves 
to counterect ail the centrifugal force of a vehicle traveling at 
@n assumed speed. Because of prectical licitations on the ancunt 
of guperelevetion it is not possible to comencsete fully for 
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centrifuge. foree on sharp curves as it becomes necessery to rely 
upon friction, in addition to superelevetion, to prevent « velricle 

The superelevetion values sre based on the assumption thet 
all centrifugal force resulting from a speed of three-fourths 
of the design speed is courteracted by the effects of supereleration 
up to a muciaum practicable limit of G.10 foot per foot of width. 

On highways without transitions the average Griver traveliny at 
the mexizam speec for which a curve is designed finds it difficult 
to confine his vehicle to his treffic lme and maintain a uniform 
speed around the curve. This encreacheent on adjecent traffic lanes 
creates a treffic hazard beth to the driver ari to others. 

To avoid this hesard transition curves are employes at both 
ends of 211 curves, ensbling the driver to maintain e wniferm speed 
eround the curve au at the same time, encourage hin to keep 
within his om traffic lane. 

She transitions as designed are considered te be long enough 
so thet at the speed fer which the curves ere designed, the river 
is sllewed enough time to change from a streight to a circular 
motion by turning hie vheels gradually and to swing inte the 
circular part of the curve within the Linite of the occupied isne. 
At the same time the driver feels the development of the centrifugei 
ferce gredualiy, causing no discenfort. 

The required lencth of trensition is based on the following 


Lormmla? 3 
Le = 10s, 
Were, lL the length of the spiral in feet. 


if 


the speed of the vehicle in miles per how. 


= the radius of the curve in fect. 
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tademing of the curves wes based on the forma: 





| Wm 2(n— (Re - 12)2)4 a 
where) © © the widening of the rentnay in fect. 
R = radius of the curve in fect. 
L = the length of the wheel base of the vehicle 
in fect. 
Using a wheel base of 20 fect, as recommended by the American 
association of State Iiglway Cfficicls' committee en read design, 
and replacing the 35, which is probsbly « design speed, with VY, 
the following forms is derived. 
w= n(k = (9? - 00)2) +23 
RHere » nm = the meaber of lanes under consideration, 
The ebove foremla wes recommended by I. Joseph Barnett in 
his “Prensition Curves for Iigmvays". He ftether states, "Fresent 





lee regarding the degree of curveture below which ne widening 

is rewired varies between 5° and 6% 5°, It is sugested that no 
pavement requiring less then 2 feet of widening in eccordance with 
the formila be widened. This remilts in no widening on two-lane 
pevemonts on curves Matter than: 

yo for 7 mph 

5° for & mph 

and 6° for %© mph.® 





fests anc observations of Griving hubits indicste that for safe 
ana comfortable driving « treffic lane should be st least 11 feet 
wide, Since the suthor chose to use a twelve foot width in the 
design, it will be necessary to widen the sincle lenes for right 
end left turns te 13 feet. 

Theoretical capacity af treffie lanes was commrted by « 
formila recommended by Ee, John H, Batemm in his text, ligheay 


Engineering. 
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where, io the nusber cf vehicles per hour. 
the epsed of the veliicles in miles per hour, 

Cc % the clearence betreen two consecutive 

L = the length of vehicle, in feet. 
Although Mr. Betemen hes recomended the asswmrtion of 19 fect as 
the aversge Length of vehicles, the Consweers Resemrch énalysis 
of dane this year shows the 1927 passenger cars to hove on cverare 
Length of approximtely Li feet. With the advent of the truck-trailer 
for commerciel purpeses on the hichvwayes and thie ‘neresse in the length 
ef pessenger cars in mind, the mther has selected 10 feet te be used 
as a esien veluc. 


The mexizum sefe theeretical cxpecity for one traffic lune is 
based on the Tommie: | 





= the speed af the vehicle, «t the time of 
observing the obstacle, in niles per hour. 
t = the totel reaction time of the criver in secormis. 
a « the rate of deceleration of the velicic, in 
fact per second per secon, 
fer caspubing the clearence betvreen two consecutive vehicles, since 
this clearence is essumed for design purposed to be equil to the 
minima stouping cistance. 
The stopring distance of a vehicle depends wnon the sighs 
reaction time of the ceiver «nd the brake resetion tine. For 
purposes of this désign a reaction tine of |: seconds is egsened 


ana a deteleration rate of 9 feet per second per secon. is used, 
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as recommended by Mr. Bateman. This resulted in the following 


values: for 50 mph 195 fcet 
60 mph 2h9 feet 
70 mph 308 feet 


Using the above values for clearence between two consecutive 


vehicles in Bateman's formula, the following capacities were 


obtained: 
50 mph 12,0 cars/hour/lane 
60 imph 1190 cars/hour/lene 
70 mph 11)0 cars/hour/lane 


The through—traffic lames are 2715.66 feet long, right~traffic 
lanes are 1188.08 feet long ad left—treffic lanes 966.67 feet long. 

The overall horizontal alignment wasmade in accordance with the 
recommended standards of Mr. Joseph Barnett's "Transition Curves for 
Highvays", whose main object in writing the book and designing the 
tables was to meke it as simple and inexpensive as possible te design 
and locate curves with transition as used in highvay design. 

Without such a simple method for computing the horizontal 
alignment, it would have been impossible to have studied so many 
interchenge designs and modificetions in the time available for the 


work. 
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Curve with transition=-—both ends. 


TRANSITION SYMBULS 


Pa. Point of intersection of the main tangents. 
Laos Tangent spiral, common point of tansent and 


Sours Of Near transiv ior. 


S.C. Spiral curve, cOnmon point of srirel and 


s - L ~ = . . , 
CciteuvyeS curve of reer tremsiticnr. 


Cae. Cleese tral, Comeen point of circulzr curve 
and spirak of fsr trensition. 


ciate Spiral tengert, commongo:rt of spital anda 
tanrent of far transition. 

tes Radius of the circulsr curve. 

Le Lenrth of spiral between T.°. snd ..C. 

L Lenzth between T.5. and «ny other point on spircl. 

ve Mageent distance P.J]. to T.S. or S.T., or tangent 
dist mce of the complete curve. ° 

i External distance P.i. to center of circuli? curve 
Bee ererorevo tic #.0.5. of a curve transitional 
throughout. 


ssC-u. wpiral Gurve spiral, common point of both spirals 
or midpoint of a curve transition:1 throughout. 


i a Long tangent distance of spiral only. 
oni Short taneent dietance of spiral only. 


ers me fe 


ae. Straieat line chord distance T.5. to VC. 








Be 
é 


Gifset distance from the tangent of PC. 
of circular curve protmeced. 





Distance fron 7.5. to point on tangent 
ee St rat of the circulcr curve 





intersection engle between tangents of 


encle 
SeCe and at the C.Se or the central angle 
of the circuler curve portion of the curve. 


intersection ungle between the tingent of the 
complete eurve sn the temrent the 5.Cey 
the spircl angles 





m engle between the tangent of the 
complete curve end the tangent at eny other 
point on the spiral, the spiral angle of my 
othcr point. 


Degree of the circular curve sane is Gerree of 
curvature of spiral et the S.C. (arc definition). 


of curvature of Spiral at arm other point 
on spiral (are definition). 


Deflection angle from tamrent 2t T.S. to 5.0. 


Deflection angic from temgent «tb amy polit on 
spiral to am other point on soirel. 


Xoo Ye Coordinates of 5.0, ani measured from the T.5, 


as ¥ 


Coordinates of ay other point cn spiral from the 
TeSe 
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352055" 
21.00? 
300-00 ' 
5 
166,00! 
116.00! 
2.00 % 
7050? 
3eeTt 
Us.91t 
299.89" 


13.07? 


206445 ' 
100.15! 
299.97" 


FUNCTIONS OF TRANSITIONS 


Right  Straighterey Left 
60° 30° 60° 
SGmph 7Omph SQraph 

9 i” 9° 
608.85" 56.92! 520.67! 
202.10" 65.40% 205.30! 
300.00 400,00 300.007 

53 10 33° 

568.88 350.00 366.67' 
637.00 32.00" 637.00" 
13.00! 21.06" 13.003 
13.50° 8,00 13050° 
556 LES! 583" 
19.72! 199.87! 149.721 
29663111 399.221 295e3h* 
230k7*  18.59° 23.37" 
200.656! 266.91;) 200.56" 
100.53" 133258" 100.53" 
299.26 399.65' 299,261 


Hecht 
20° 
60emh 

5° 

382.55" 

21.06! 

300.@! 

5° 

105.003 

16.00 
2),.00* 
7.509 
3027! 
19.91! 
299049" 
13.07! 

260.18! 

100.16! 

299.77" 
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APPROACH CURVE 


Station 


69 
86 
86 
& 
oT 
7 
OT 
o7 


8 


6 
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2 
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61570 
17625 
1725 
1725 
07.25 
37625 
67225 
97025 
27225 
57-2 
E725 
17025 
67.25 
7e25 
47.25 
77625 
O7.25 
37625 
67625 
97025 
27625 
57.25 
87.25 
17.25 


Deflection Angle 


O~CL.6 
0-06.20 
0-13.66 
O-2h,.0 
O-3 706 
0-54.26 
1~13.6 
1+36.0 
201.6 
2_ 30.0 


2-30.0 
2=01.6 
3=36.0 
1~13.6 
Om She6 
0-376 
Om 21: 20 
Cn 306 
Qn05.0 
0-01.26 
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RIGHT TURR CURVE 


Station 


B91 
00.26 


LO. 26 
70.26 
00426 
Dolilt 
89.14 
19; 
19.1) 
79 eLh 
09.U; 
3901; 
596M: 
99.14 
29 01k; 
59.1 
OF ely 


Ueflection angle 


0-02.68 
010.8 
Om 2h 
0-13 .2 
1-07.26 
1-372 
2-12 oh; 
265268 
3=36.8 
hn. 90 


ip 3300 
38.8 
2652.46 
2—12 dy 
Im3 Ted 
1-37.66 
Goel 322 
Om2h oh 
OL LE 
O-02.8 


&e 
osu ~ 





Pel. 
T.Ge 


mo on Of WN KE WwW NH 


> 5 


. 


nw &F WN HO SF & Ww 


~ 


STRSIGHTASAY 


Station 


SERSReRReRRRBRELB 


LOL 
102 
12 


103 
193 
Lok 
10h 


105 
105 


00.00 
55-06 
95498 
55.08 
75.08 
15.08 
55.08 
95.08 
35.06 
75.08 
15.08 
ho .08 
65.08 
05.08 
15.08 
65.06 
25,06 
65.08 
05.06 
45.06 


, 85.08 


25.08 
65.08 


Deflection Angle 


o~S1..6 
0-06.15 
Lb 
025.6 
C-1:0.0 
=57.6 
2G. 
1HLi2 64 
2~09. 06 
212) 20 


2-4:0..0 
2-09 66 
112 
1-28.) 
On 7 o& 
O-1:0.0 
O~25,6 
O-Li ely 
O06 lt 
OOL6 








o 
7 


S 
See tre tee wees | 


> 


: eratuns 
eatde 


pRPet ys) 


LEVt TUR CURVE 


Statian Deflection Angle 
Pulw 99 Usy52 
LoS 93 93.85 
1 94 23.85 02.8 
2 Gy 536ed 0-20.6 
3 Sh 83.85 OH2hh; 
4 95 13.05 Gnli3.02 
5 95 3.85 1-07.26 
6 95 73-85 In3702 
7 9% 93.85 an12 6h 
8 9 33.85 2526 
9 6 63.85 Ge 
5.6. 9% 93.85 130.0 
Sula 9 $7.18 
C.Se 106 «&.52 bn 3020 
9 100 90.52 38.6 
8 191 20.52 2-52.08 
7 101 50.52 QeLZ elt 
6 101 600.5 In37e2 
5 12 10.52 1-07.66 
ly 102 e.52 Quli3.2 
3 102 70.52 O- 2h od 
2 103 00.52 0~10,.6 
a 103 30.52 O28 
Su Te 103 -&.52 


| 2 
weet hrre ie -- 





i: eyveit’ ve 


TEE 


: 





P.I. 
?. Se 


. © od > oe 


G. Ge 
Code 


wt mw Ww FF PR Oo mw oO 


Os 
s 
- 


EXIT CURVE 


Station 


ESR RE 


15.16 
62.91 
92.91, 
22.91 
52.91 
82.91 
12.92 
42.92. 


Deflection Angle 


On9166 
0-06.0 
O~13.6 
O-24.0 
0-376 
O- 54.6 
113.6 
1~36.0 
201.6 
230.0 


230.0 
216 
1-36.06 
113.5 
5)).6 
O-37.6 
O~2h..0 
Om13 6 
0-06.60 
On01.5 





All longitudinal slopes ore to be less Gun Se 
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